Whereas decoherence has been much studied theoretically, little attention was given to the difference between the full quantum density matrix and the decoherent one. Although inaccessible to experiment, it never vanishes and keeps in principle a phase memory of everything in the past. Its investigation is applied here to the influence of the external universe on a macroscopically isolated system, showing the possibility that it could generate changes in quantum probabilities. When this result is combined with previous work on Brownian reduction, it suggests a conceivable though far-fetched reduction effect, which would result directly from the basic principles of quantum mechanics. The main non-speculative conclusion is however that the inaccessible part of the state of the universe stands as the main open question in decoherence theory.
Our understanding of quantum mechanics has significantly evolved since the experimental confirmation of decoherence [1] , predicted long before by Zeh [2] . Theorists had shown previously the consequences of this effect in the emergence of classical physics and in the assertion from first principles of the Copenhagen rules for quantum measurements. Several books now provide surveys of the resulting modifications in the interpretation of quantum theory [3, 4, 5] .
Two problems are still however a subject of controversies: the objective status of decoherence and the existence or non-existence of a reduction effect insuring the uniqueness of empirical reality, among many decohering histories remains an open question. Opinions have been sharply contrasted on these matters and the purpose of the present paper is non-committal and purely theoretical. Its main interest lies in the meaning of a "hidden" traceless density matrix that is left out by decoherence. When investigating it, I came unexpectedly on the idea that it could generate a reduction mechanism, which would rely only on the basic principles of quantum theory and I could not easily rule out this prospect. I intend therefore to describe this work here in the spirit of a devil's advocate, for the sake of clarity.
As an introduction, it will be useful to recall some background from decoherence theory [6] . One begins by considering a perfectly isolated macroscopic system S undergoing decoherence, for instance a ball inside an isolated box containing a gas [7] . The position observable X of the ball is a collective observable in the sense of decoherence theory and the gas is the environment. The initial state of the ball is a superposition of a few different localized states, denoted by |j >, an orthonormal basis of Hilbert space vectors for the environment being denoted by {|µ >}. The density matrix is denoted by σ and it satisfies the Schrödinger equation:
It should be stressed that the Schrödinger equation is supposed universal and always unbroken in the present paper. One writes σ = σ ′ + σ ′′ , where σ ′ is positive with trace one and is given by:
where σ r , the reduced density matrix, is the trace of σ over the environment and 2 σ E is a density matrix providing a minimal information (highest entropy) for the environment (in most models, one retains only the average energy of the environment as experimentally relevant and σ E is thereby a thermal distribution for the environment). The Hamiltonian consists as usual of a collective part H C , the environment Hamiltonian H E and a coupling H 1 . For the sake of simplicity, it will be convenient to assume the coupling weak enough for perturbation theory to apply.
Two evolution equations resulting from Eq. (1) are then
They show that σ ′′ , which I call the hidden density, plays an essential role in Eq.
(3a) from which decoherence originates. Eq. (3b) is often solved for σ ′′ in terms of σ ′ after assuming that σ ′′ (0) = 0, but it is easy to take care of a non-vanishing initial value. When the coupling is local, i.e. [H 1 , X] = 0, the main effect of decoherence is a dynamical diagonalization of σ r in the channels |j > with associated probabilities
The density σ ′′ satisfies the property
where I E denotes the environment identity matrix (accordingly, σ ′′ is traceless). One may call it a hidden density in so far that σ ′′ does not contribute to any collective property and is absolutely invisible through the collective features of the system. It is not however a small quantity, since it carries the large information that is lost in
. When the initial state is a pure state with wave function ψ, one has
and the meaning of σ ′′ is then clear. It is an experimentally inaccessible quantity, holding a memory of everything that happened since the initial time, hidden in highly involved phases. It cannot vanish and has strong effects on the collective states, as shown in Eq. (3a).
Inaccessibility is a partial answer to the problem of objectivity, which arose from the question asking whether decoherence is objective or valid only "for all practical purposes" [9, 10] . A quantum property can always be expressed by a projection observable P and its validity is asserted if it is true with probability 1. One can show however that many properties cannot be empirically asserted, because the size of a device measuring P would exceed the number of particles in the universe (a) . For instance, the wave function ψ of a macroscopic object is associated with P = |ψ >< ψ|, which is generally inaccessible. The crux of decoherence consists in discarding irrelevant and inaccessible degrees of freedom and this procedure will be considered objective in the present paper when only inaccessible quantities are discarded.
Nothing more than diagonalization happens when the system S is strictly isolated and the collective subsystem remains indefinitely in a mixed state representing mutually exclusive events with definite probabilities. These events can be described in most cases by classical physics with a good approximation and this behavior provides the starting point of modern measurement theory. It should be stressed however that σ ′′ is still there in principle, although inaccessible. But a real system is never strictly isolated. Even in intergalactic space, it interacts with cosmic thermal radiation and the resulting interaction has sizable effects [7] . The fact that S is isolated means therefore only that external influences are restricted to its irrelevant or inaccessible properties. For investigating the possible effects of these interactions, one must introduce the "exterior" of S .
The surroundings of S constitute obviously an open system, which will be however represented for more convenience as a very large system U interacting weakly with S, the system U + S being considered as closed. The system U is exterior to S and may be ultimately the whole universe or any large part of it, whence its symbol U. Decoherence acts also in it, so that it can be split into a collective subsystem C(U) (representing essentially its classical features) and an environment E(U).
Using the same notations for S, one will assume for simplicity that the two environments E(U) and E(S) are different, although they share usually a common part (atmospheric air and ambient light, for instance). The density matrix of the system U + S will be denoted by ρ = ρ ′ + ρ ′′ as above, U itself having the density matrix ζ = ζ ′ + ζ ′′ when it stands alone and ρ ′ involving a reduced density matrix that can be written as a tensor product ζ r ⊗ σ r because of the macroscopic isolation of S. ζ ′′ is a fascinating quantity, something like the veil in d'Espagnat's concept of a veiled reality [10] , holding a phase memory of everything past, including unrealized events if the reduction effect I assume were valid. It has a tremendous number of theoretically significant matrix elements in spite of its hidden character and getting some physical intuition of it is very difficult because of the lack of any reliable model for its expression. As for the Hamiltonian H U +S entering in the Schrödinger equation for ρ, it can be considered as the Hamiltonian of the standard model, eventually extended to some quantum description of space-time.
One introduces bases {|J >} and {|n >} for C(U) and E(U), analogous to {|j >} and {|µ >} for C(S) and E(S). The matrix elements for H can then be written as
Considering for convenience an instant where ρ = ζ ⊗σ, one can compute the change in σ r by taking the trace of dρ/dt over C(U), E(U) and E(S). One notices that a change in a non-diagonal term < j|σ r |k >, (j = k), has no consequence because it is rapidly washed out by decoherence in S. One therefore considers only the possible changes in a typical diagonal term < j|σ r |j >.
The components ζ ′ ⊗ σ ′ , ζ ′ ⊗ σ ′′ and ζ ′′ ⊗ σ ′ in ρ can be shown to give a vanishing contribution to dp j /dt. The contribution of ζ ′′ ⊗ σ ′′ is at the center of the present proposal and is given by:
where the summations are carried over all the indices, except j. It may be noticed that the sum over j of the p j remains equal to 1, because the sum of the quantities (5) is the trace of the commutator [H,
On a purely intuitive ground, one may expect that the indices J and K are essentially irrelevant and act only as summation indices on the same level as m and n. The change dp j /dt being rapidly fluctuating, as ζ ′′ and σ ′′ are, it might be better to use a collision matrix T rather than H, but one is still far from this level of sophistication. The essential question is whether a matrix element such as < J, n, j, µ|T |K, m, k, ν > is different from zero when j = k (the contribution of j = k gives zero in Eq. (5)). Thinking of j and k as denoting two distant values of the ball position in the previous example, it would mean that T is strongly nonlocal. Is it possible? Some arguments analogous to Penrose's point toward that possibility [11] : past events in the universe involved superposed states of space and if the geometry of space is defined by the distances of the position of an arbitrary particle or of the index x of a quantum field ψ(x) to a collection of macroscopic objects (b) , strong non-locality could be expected.
Three possibilities can then be envisioned: Either every individual term in Eq.
(5) is completely negligible as well as their sum, or the various terms interfere strongly to make the sum negligible, or dp j /dt is rapidly fluctuating. The two first possibilities seem most probable from the present usual standpoint of decoherence theory and two arguments seem to rule out the third one: locality should make dp j /dt vanish and, even if the assumption of locality did not hold, non-zero values of dp j /dt would spoil the experimental success of Born's probability rule.
This last statement seems undeniable, but it might be bypassed if the effect had the same accessible consequences as a reduction effect. This remote possibility cannot be completely ruled out, as will be now shown. For the sake of argument, one will assume that the probabilities p j vary by very small and very rapid random amounts. It may be noticed that this assumption is very different from the GRW approach relying on a spontaneous random reduction mechanism [12] . Here, the effect would be a consequence of quantum mechanics but would be described as a random effect at the accessible level, apparently autonomous because it would come from an inaccessible origin.
The possibility of preserving Born's rule is then suggested by another result that was noticed three decades ago [13] and recently investigated in detail (c) [14] . It looks as follows. One considers for convenience a measurement giving a finite number N of outcomes |j > with non-zero probabilities {p j }. Decoherence takes place and selects corresponding channels |j >. The quantities {p j (t)} vary randomly and are considered as the coordinates of a moving representative point P in a N-dimensional space, remaining in the subspace p j = 1.
The representative point P moves therefore in a (N − 1)-dimensional simplex,
(an equilateral triangle when N = 3). It will reach certainly a face of the simplex after some time. If that face is for instance the one with equation p k = 0, the coordinate p k will remain zero afterwards, because decoherence does not open a closed channel. The point P will therefore move along the boundary of the simplex in a smaller-dimensional simplex and so on, until it reaches a final vertex, say j, with coordinates p j = 1, p k = 0 for k = j. This final result has a probability π j and Born's rule will be preserved if π j coincides with the initial value p j (0) just after measurement.
One can prove that this property is satisfied if and only if the random motion of P is a non-directional, homogeneous and isotropic Brownian motion [14] . "Nondirectional" means that the average values < δp j > are zero, isotropy is meant in the usual sense in the N-dimensional space and homogeneity means that the average values < δp j δp k > do not depend on the position of P . Finally, in order to avoid any misunderstanding, one should stress that the final result is not a pure state, in spite of p j = 1, for the following various reasons: Diagonalization is never exact for continuous degrees of freedom; the collective description of a macroscopic system is close to classical physics and cannot be described by pure states such as j >; the final state is unique only after averaging on ρ, which includes ζ ′′ and if the universe had been initially in a pure state, it would remain so, except that only the inaccessible quantity ζ ′′ would keep a memory of this lost purity.
As a conclusion, I shall only state that a new conjecture has been encountered here, according to which reduction could be an ultimate consequence of decoherence.
I do not propose this conjecture as true, but only repeat that I could not rule it out.
My own opinion is that the idea of decoherence is extremely deep and its empirical status is excellent. It rules out the necessity of a reduction effect, which stands more and more as a philosophical matter. But the theory of decoherence is not yet completely satisfactory and it leaves open the question of consistency of quantum mechanics, mainly through the existence of the mysterious ζ ′′ . This hidden traceless quantity has perhaps unexpected consequences, of which the present conjecture is an example. Another one occurs in the case of an isolated place where nothing is located except ζ ′′ , which looks like an ever-present contribution to the local state of vacuum. Has it consequences in quantum field theory? I can only ask the question.
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